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AUXILLARY FAN COOLING OF BEARING HOUSINGS 
BACKGROUND OF THE INVENTIOIV 

5 

1. Field Of The Invention 

The present invention relates generally to the field of bearings and the temperature 
control of such bearings. More particularly, the invention relates to a novel arrangement 
for simply and economically cooling a bearing and/or the lubricant of a bearing by 
10 enhancing the heat dissipation from the bearing housing. 



2. Description Of The Related Art 

SJ A wide variety of bearings are available and are currently in use throughout a range 

of industrial applications. Bearings are generally used for facilitation of rotational 

2 1 5 movement in a mechanical application. In general, a typical bearing includes a plurality of 

in 

bearing elements situated in a housing. Depending upon the application and the anticipated 
,g loading, the bearing elements may be journal bearings, needle bearings, roller bearings, ball 

bearings, and so forth. 

Q 

20 A journal bearing is formed from a plain cylindrical or profiled sleeve that carries a 

rotating shaft. Journal bearings are sometimes referred to as fluid film bearings because of 
the presence of a small film of lubricant formed between the cylindrical sleeve and the 
rotating shaft. The coefficient of friction experienced by the rotating shaft is dependent on 
whether a fluid film is fiiUy developed. In essence, a fiiUy developed fluid film creates a 

25 hydrodynamic pressure sufficient to float the shaft and its respective load relative to the 

sleeve or joumal. The result of a fiilly developed fluid fihn is that there is no physical 
contact between the rotating shaft and the joumal during operation. Proper development of 
a fluid film is dependent upon adequate lubrication of the bearing joumal. 
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Another bearing type, antifriction bearings, rely on bearing elements disposed 
between inner and outer rings or races. In these bearings, too, lubrication is important to 
reduce the coefficient of friction between the component parts. The lubricant also aids in 
cooling the bearing elements and carrying away contaminants or small debris which may 
5 find their way into the bearing or which may be released from the component parts over 

time. 

Adequate lubrication has other related and consequential benefits in addition to 
proper fluid film development. For example, it is commonplace to equip a bearing with a 
10 means for lubricating the bearing elements during operation to prolong the useful life of the 
13 : bearings. This is typically accompUshed by providing a synthetic or mineral grease or oil to 

coat the surfaces of the bearing elements. The application of grease or oil serves to preclude 
~i the mgress of contammants, such as dirt, debris, moisture, and so forth into the bearing. In 

3 some applications the application of oil is accomplished by use of an oil ring. An oil ring 

i1 1 5 hangs loosely over a shaft and rotates as the shaft rotates due to the ring's contact with the 

L shaft. Lubricant is carried from an oil sump to the shaft, then to the bearing surface or liner. 

S Another method is to use a circulating oil system wherein a pressurized lubricant is supplied 

Q directly to the bearing surface or liner. In other applications, a presstirized oil mist may be 

^ circulated through a bearing cavity to provide continuous lubrication of the bearing. Each 

20 lubrication method operates to prevent the ingress of contaminants, while flushing the 

bearing cavity of contaminants and moisture. 

As noted above, another advantage provided by proper lubrication is the cooling of 
the bearing during operation. In certain fluid film bearings, an oil ring hangs loosely from 

25 the shaft into a lubricant bath. The bath is formed in a lower region of the bearing housing 

often referred to as the oil sump. The rotation of the shaft induces a rotation in the oil ring. 
The oil ring thus travels through the oil sump causing some of the lubricant to adhere. The 
lubricant then disperses onto the surface of the shaft and eventually drains back down into 
the oil sump below. Heat, generated between the shaft and the bearing or conducted by the 

30 shaft or bearing, is transferred to the lubricant, which drains to the oil sump and transfers 
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the heat to the bath. Heat is typically removed from the bath in one of two ways. The heat 
may be transferred from the oil bath through the bearing housing by conduction, and then to 
the atmosphere by convection. This method of dissipating heat by convection may be 
limited by the design of the housing as well as the ambient temperature of the atmosphere 
relative to the temperature of the bearing housing. The alternative to convection is to use a 
circulating oil system. Such systems can, however, add significantly to the cost of the 
installation and to the maintenance required for its upkeep. 

A circulating oil system is an effective means of removing heat from a bearing. A 
circulating oil system takes the lubricant from the oil sump and passes it through a heat 
exchanger. The lubricant in the oil sump is thus repetitively or continuously removed and 
replenished with cooled lubricant. Circulating oil systems also may employ other features 
such as filtration. Filtration keeps the lubricant in a useable condition for a longer period of 
time. Filtration also helps to keep contaminants from being introduced, or re-introduced, to 
the bearing elements. However, as previously noted, oil circulation systems are often 
expensive and can require additional maintenance. 

A number of advantages are offered by effective control of the temperature of 
bearings. The principle advantage is that the shaft and/or bearing elements may become 
damaged by operation at elevated temperatures. Likewise, lubrication is adversely affected 
by elevated temperatures. Lubricants are chosen according to certain criteria, one of them 
being an anticipated or calculated operating temperature range. If the lubricant is exposed 
to temperatures outside of the specified range, the effectiveness of the lubricant may be 
greatly diminished. If, for example, a lubricant exceeds the recommended upper 
temperature limit, the viscosity of the lubricant may be reduced, the lubricant itself may be 
degraded, and the bearing elements and shaft may experience a greater amount of fi-iction, 
and ultimately even more heat v^U be generated. Thus, operating temperature is an 
important factor in the proper operation of a bearing. 
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There is a need, therefore, for an improved technique for efficiently and effectively 
removing heat from a bearing. There is also a need for a cooling system for bearings that 
can be installed on new bearings as well as easily retrofitted on existing bearings. 



The invention provides a novel technique to bearing temperature control designed to 
address these needs. In accordance with one aspect of the present invention, a temperature 
controlled bearing is provided. The bearing includes a thermally conductive housing, a 
bearing element disposed v^thin the hoixsing for receiving and facilitating the rotation of a 
shaft, and, where desired, an oil sump formed v^thin the housing which contains a bath of 
lubricant for the bearing. At least one fan is mounted to the exterior of the bearing housing 
adjacent the oil sump or at any other desired location around the housing. The fan is 
adapted to transfer heat from the bearing housing to the atmosphere by forced convection. 

A temperature sensor may be disposed within the bearing housing and coupled to a 
logic controller. The logic controller can then operate the fan according to the temperature 
of the bearing as detected by the sensor. Multiple fans may be mounted to the bearing 
housing and the logic controller can then control all fans, svsdtching the fans on and off 
separately or in cooperation, or in stages depending upon the temperature sensed. 
Alternatively, the logic controller can determine speeds at which the fan or fans should 
operate according to the temperature detected by the sensor. 

In accordance with another aspect of the invention, a method is provided for 
controlling the temperature of a bearing which has a thermally conductive housing. The 
method includes mounting at least one fan on the bearing housing, disposing a temperature 
sensor wdthin the bearing housing, and electrically coupling a logic controller between the 
fan and the temperature sensor. The logic controller is adapted to receive a signal from the 
temperature sensor and to operate the fan in response to the signal received. The logic 
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controller may be programmed in various ways to accomplish the cooling requirements of a 
specific application. 

In accordance with yet another aspect of the invention, a system is provided for 
cooling a plurality of bearings. Each bearing includes a thermally conductive housing with 
a temperature sensor disposed within the housing. At least one fan is affixed to each 
housing of each bearing. The fan is adapted to transfer heat away from the housing and to 
the atmosphere by means of forced convection. A logic controller is connected to each of 
the temperature sensors and to each of the fans. The logic controller is adapted to receive a 
signal from each temperature sensor and to subsequently operate the corresponding fan 
according to the detected temperature of the bearing. 



The foregoing and other advantages of the invention will become apparent upon 
reading the following detailed description and upon reference to the drawings in which: 

Figure 1 illustrates a front elevational view of a bearing and fan assembly 
according to one embodiment of the invention; 

Figure 2 illustrates a partial sectional view of the embodiment shovra in Figure 1 ; 

Figure 3 is a schematic diagram of a system incorporating an embodiment of the 
invention; and 

Figure 4 is a flow chart depicting exemplary logic utilized in one embodiment of 
the invention. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Turning now to the drawings and referring to Figures 1 and 2, a bearing assembly 
10 is shown. The bearing assembly 10 includes a bearing housing 12 which is formed from 
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a base 14 and a cap 16. The cap 16 is coupled to the base 14 to house various internal 
components. In the illustrated embodiment, the housing 12 also includes a spherical seat 
support 1 8 (see Figure 2) adapted for receiving a bearing element 20. In a present 
embodiment, the bearing element is formed of a lower bearing liner 22 and an upper 
bearing liner 24 which are mating and cooperating components. The inner surface of the 
bearing liners 22 and 24 are coated with a babbitt lining 26 in a manner well known to those 
skilled in the art. The bearing element 20 is fixed relative to the housing 12 with an anti- 
rotation pin 28. 



10 The bearing assembly 10 is depicted as a fluid film bearing, but is contemplated as 

Q being a bearing of any type for facilitating motion of a rotating shaft or other machine 

^ element. Also, while a particular style of housing is depicted, numerous bearing housings 

are within the scope of this disclosure. For example, typical housings may conform to ISO 

-a 

Q standards 1 1687-1, 1 1687-2, or 1 1687-3. These and any other suitable housings may be 

\n 1 5 incorporated in alternative embodiments. 

[Q A shaft 30 is received by the bearing element 20 and traverses the bearing housing 

■0 12. In the illustrated embodiment the shaft 30 is defined as having an inboard side 32, an 

outboard side 34 and center portion known as the journal 36. Flanking the bearing journal 
20 36 are a pair of thrust collars defined as the inboard thrust collar 38 and the outboard thrust 

collar 40. Each collar abuts a babbitt lined thrust shoulder 42 located on the bearing 
element. The thrust collars 38 and 40 work in conjunction with the thrust shoulder 42 to 
restrict the transverse or lateral movement of the shaft 30 within the bearing. It should be 
noted that not all bearings are capable of resisting thrust and that non-thrust bearings are 
25 contemplated as being suitable for use in alternative embodiments. 



An oil ring 44 loosely surrounds the journal 36 and is shown to be hanging fi-om the 
top side of the shaft 30 adjacent a small void 46 in the inner surface of the upper bearing 
liner 24. The oil ring 44 also encircles the lower bearing liner 22 and the lower portion of 
30 the oil ring is exposed to an oil sump 48 located beneath the shaft 30 and bearing element 
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10 



\n 15 



20 



25 



20. The oil ring 44 maintains loose contact with the shaft 30 and rotational motion of the 
shaft induces motion of the oil ring 44. As the oil ring 44 rotates, it travels through the oil 
sump 48 which contains a bath of oil or other lubricant. A small portion of the lubricant 
from the oil sump 48 adheres to the oil ring 44 and travels with the oil ring until it contacts 
the top portion of the shaft 30. The lubricant then spreads on the bearing journal 36 and 
works its way between the bearing journal 36 and the babbitt lining 26. The lubricant forms 
a thin fihn between the bearing journal 36 and the babbitt lining 26. With a properly 
formed fluid film, the shaft 30 rotates without actually contacting the babbitt lining 26 on 
the bearing element 20. A set of seal assemblies 50 and 52 are mounted to the bearing 
housing 12 to contain the lubricant within the housing as well as to keep various 
contaminants from entering into the housing. The seal assemblies 50 and 52 are shown to 
be similar in construction to one another, however, they may differ from each other in 
design and construction depending on the operating environment of the bearing as well as 
with other operating parameters. 

Besides providing proper lubrication, the oil ring 44 and oil sump 48 of the 
lubrication system also serve to transfer heat away from the shaft 30 and bearing element 
20. The lubricant acts as a heat transfer agent to absorb heat from the bearing element 20 
and shaft 30, and to transfer it to the oil sump 48. Heat is subsequently transferred from the 
oil sump 48 to the bearing housing 12, and finally from the bearing housing 12 to the 
surrounding atmosphere. Cooling fins 54, integrated into the bearing housing 12, are 
employed to aid in the transfer of heat from the bearing housing 12 to the atmosphere. 
Cooling fins 54 offer increased surface area for convective heat transfer to the atmosphere, 
thus allowing heat to be transferred more effectively. The bearing will also typically 
include a temperature sensor (not shown in Figure 2) disposed within the bearing housing 
12. A port 56 is shovra as a possible location for the temperature sensor in the area of the 
oil sump 48. Another desired location is in the bearing element 20 adjacent the babbitt 
lining 26. The temperature sensor is utilized for determining the operating temperature of 
the bearing and to indicate when cooling of the bearing is desirable. 
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Fans 58 are mounted on the exterior of the bearing housing 12 adjacent the cooling 
fins 54 and generally in the area of the oil sump 48. While cooling fins 54 are employed in 
the instant embodiment and are considered to be a desirable feature, they may be eliminated 
if sufiBcient heat transfer is available otherwise. A smooth-bodied housing may also be 
utilized. The fans 58 are placed to force a flow of air over the housing 12 to induce cooling 
by forced convection. Thus, the transfer of heat from the housing 12 to the surrounding 
atmosphere will be accomplished more quickly allowing the housing to absorb more heat 
from the oil or lubricant. Similarly, the lubricant will be able to transfer heat away from the 
shaft 30 and bearing element more efficiently, allowdng the bearing 10 to operate safely 
within the desired temperature range. 



It is noted that Figures 1 and 2 indicate multiple fans 58 mounted on the bearing 
housing 12. The number of fans to be utilized is a parameter to be determined according to 
the specific requirements of a given operation. However, numerous arrangements are 
contemplated as being within the scope of the invention. 



Referring now to Figure 3, a system 100 is described which incorporates the 
embodiment described above. A pair of bearings 102 are shown to be supporting a shaft 
104. While only two bearings are depicted, the instant embodiment lends itself to 
simultaneous use v^th multiple bearings. An oil sump 106 is formed vdthin each bearing 
102 for facilitating proper lubrication of the bearings. Temperature sensors 108a are placed 
adjacent the bearing and/or adjacent the oil sump, as indicated by reference nimieral 108b, 
for determining the operating temperature of the bearing. The temperature sensors 108 are 
connected to an interface 1 10 by means of a data bus 112. Each interface 1 10 is then 
connected to a controller 114 through similar means. The interface 110 relays a signal to 
the controller 1 14 which corresponds to the temperatures read by the sensors 108. 



In operation, the controller 1 14 then uses the signal to compare the temperature of 
the bearing to a pre-selected range of temperatures. If the signal indicates that the 
temperature of the bearing 102 exceeds a desired limit, then the controller will turn on the 
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fans 1 16 adjacent the bearing 102. The fans 1 16 transfer heat away from the bearing 102 
and thus lower the operating temperature of the bearing. The sensors 108 continue to detect 
the temperature of the bearing 102 and, when a signal is received by the controller which 
indicates an operating temperature below a preset limit, the controller turns the fans 1 16 off 
5 and waits for new signals to be transmitted. The interface 1 10 and the controller 1 14 form a 

logic controller for operation of the fans 116 according to a pre-selected temperature range 
and the actual operating temperature of the bearing 1 02. 

Numerous variations of the above system are contemplated. For example, the fans 
10 116 could be variable speed. Instead of a simple on/ofiF instruction supplied by the 

Q controller 1 14, the speed of the fans 108 could be continuously controlled according the 

temperature of the bearing as determined by the sensors 108 and relayed by the interface 
1 10. Another altemative would be to operate multiple fans in stages. In such a scenario, a 
first temperature limit would be selected to cause the first fan to turn on. Subsequent 
rf 1 5 (higher) temperature limits would then be selected to turn on secondary fans. Likev^se, a 

limit or set of limits could then be selected for turning the fans off either all at once or again 
in stages. Of course a combination of the two approaches may also be envisaged. In 
combining the two approaches, for example, the controller 114 might instruct a primary fan 
to simply turn on and off, while secondary fans could be instructed to operate at variable 
20 speeds. 

As an example. Figure 4 is a flow chart summarizing exemplary logic that might be 
employed in the temperature control described above. In a first step 200 the temperature of 
the bearing is monitored. Based upon the monitored temperature, the actual bearing 
25 temperature is compared to a desired range or to a first pre-selected upper limit as indicated 
at step 202. If the bearing temperature is below the first upper limit then the monitoring 
step 200 is repeated. If the bearing temperature is at or above the first upper limit then the 
primary fan or fans are activated at step 204. With the primary fan on, the temperature is 
again monitored at step 206, and compared to pre-selected values at step 208. Again, if the 
30 bearing temperature is within a specified range, the monitoring step 206 is repeated 
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followed by the comparing step 208. This continues until the temperature is out of the 
specified range. If the bearing temperature falls below a first pre-selected lower limit then 
the primary fan is tumed off as indicated at step 210, and the process is reinitiated at step 
200. If the bearing temperature is above a second pre-selected upper limit, then secondary 
fan or fans are activated at step 212. 

At this point, two different scenarios may be envisaged. First, an embodiment is 
contemplated wherein constant speed fans are utilized for cooling the bearings. In a second 
embodiment, variable speed fans are utilized. Each will be discussed separately for sake of 
clarity and convenience. 

If constant speed fans are utilized, the bearing temperature is again monitored at step 
214 and compared to a range of desired temperatures at step 216. If the bearing temperature 
is within the specified range, the monitoring and comparing steps 214 and 216 v^U be 
repeated. If the bearing temperature is below a second pre-selected lower limit, the 
secondary fan is tumed off at step 218, and the monitoring process begins again at step 206. 

If variable speed fans are used, the process continues with the monitoring at step 
220 and comparison at step 222 of the sensed temperature and a desired temperature range 
or limit. The fan speed is then adjusted accordingly as summarized at step 224. For 
example, as the bearing temperature rises, the fan speed will also be increased. Likewise, 
the fan speed v^U be decreased with a drop in bearing temperature. It is noted that the 
correspondence between temperature change and change in fan speed need not be linear. 
When the bearing temperature falls below the second lower limit, the secondary fan will be 
tumed off at step 226 and the logic will revert back to step 206. 

The logic described above and disclosed in Figure 4 is intended to be illustrative 
only, and should not be construed as being limiting in any sense. For example, the 
secondary fans could be a combination of both variable speed fans and constant speed fans. 
Also, the logic shovm implies that constant speed fans are used for the primary fans. 



10 




REEL:0013 
99RE055 

Variable speed fans may be utilized here as well. Multiple stages may be used, beyond the 
two shown in Figure 4, depending on the specific requirements of an application. Thus, for 
example, four fans may be mounted on a bearing housing, as shown in Figures 1 and 2, 
each fan with its own stage and logic sequence, or with simple on/off control switches. It 
should also be noted that the various temperature levels at which the fans might be switched 
off or on may be selected to provide hysteresis in the operation of the fans, and to avoid 
"hunting" or repeated snatching off and on, such as by selection of two, three or four 
distinct temperature switching levels. 



While the invention may be susceptible to various modifications and alternative 
forms, specific embodiments have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be understood that the invention 
is not intended to be limited to the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention as defined by the following appended claims. 
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